We respond to the comment by Oliveira-Santos et al. (2013) on the article on the suitability of distance metrics as indexes of home-range size by Püttker et al. (2012). We argue that geometrical relationships between distances and area are not an artifact, but 1st principles that warrant the use of movement distances as indexes for homerange area. Indeed, the simulations provided by Oliveira-Santos et al. corroborate this view. Although we agree that the use of minimum convex polygons (MCPs) based on trapping data as estimates of home-range size requires confirmation, this was beyond the scope of our study, which centered on the relationship of distance and area for a given method (MCP) and field protocol (trapping). Moreover, the analyses of Oliveira-Santos et al. testing the relationship between distance metrics (obtained by trapping) and area (estimated by radiotelemetry) are of limited utility due to confounding factors related to differences in field methods and time interval considered to obtain the 2 estimates (distance and area), and the inadequate size of their trapping grids for estimating movement distances. In our article Suitability of distance metrics as indexes of home-range size in tropical rodent species (Püttker et al. 2012), we investigated to what extent distance metrics based on 3 distinct distances between trapping occasions of rodents in a grid are correlated to home-range area estimated by minimum convex polygons (MCPs), and might therefore be useful as surrogates for home-range size when the number of captures is limited. To do this we correlated different distance metrics (mean distance between all capture points [AD], mean distance between successive captures [SD], and maximum distance among all capture points [ORL]; see original manuscript for details) with MCP area estimates across individuals for 2 species of small cricetid rodents. We found strong positive correlations for the 3 distance metrics, indicating that AD is a better surrogate for MCP area estimate compared to the other 2 investigated metrics.
In our article Suitability of distance metrics as indexes of home-range size in tropical rodent species (Püttker et al. 2012) , we investigated to what extent distance metrics based on 3 distinct distances between trapping occasions of rodents in a grid are correlated to home-range area estimated by minimum convex polygons (MCPs), and might therefore be useful as surrogates for home-range size when the number of captures is limited. To do this we correlated different distance metrics (mean distance between all capture points [AD] , mean distance between successive captures [SD] , and maximum distance among all capture points [ORL] ; see original manuscript for details) with MCP area estimates across individuals for 2 species of small cricetid rodents. We found strong positive correlations for the 3 distance metrics, indicating that AD is a better surrogate for MCP area estimate compared to the other 2 investigated metrics.
In their responding article, Oliveira-Santos et al. (2013) repeated the same procedure with simulated data, obtaining the same result as ours, but arguing that these positive correlations do not allow an inference on the utility of movement distances as a proxy of home-range area because they result from a geometrical relationship between distance and area. Additionally, the authors used empirical data to show that the correlation between distance metrics and MCP area estimates was nonsignificant when MCP area estimates were based on telemetry instead of trapping data. Based on these results, the authors claim the inadequacy of distance metrics as indexes of home range in small mammals. In our opinion, the argumentation of Oliveira-Santos et al. (2013) confounded 2 distinct topics: the existence of correlation between distance metrics and area estimated by MCP using trapping data; and the usefulness of distance metrics-and therefore MCP estimates-based on trapping data for estimating ''real'' home range of small mammals. Only the 1st topic was the subject of our original paper. Below we comment on each of these topics separately.
The authors argue that the correlations between distance metrics and MCP area estimates (based on our trapping data as well as their simulations) are invalid because of the ''dependency between variables'' (Oliveira- Santos et al. 2013:948) and the fact that there is ''a simple geometric correlation of metrics'' (Oliveira-Santos et al. 2013:948) . However, for estimating the correlation between any 2 variables, variables must be paired (i.e., values of both obtained for the same sampling units). This means that in any correlation the variables are (and must be) dependent on each other, in the sense that their values must be obtained in the same sampling units-which are the individuals in the case of our correlations as well as those of Oliveira-Santos et al. (2013) . The linear correlation coefficient is nothing more than a standardized measure of the covariance of 2 variables, which is estimated by the sampling covariance between paired measurements. Significance tests are then applied to evaluate if the observed correlation allows us to infer that there is a correlation in the sampled statistical population. Thus if dependency between variables is a significant sample covariance (Jennelle et al. 2002:119) , it is precisely what we are looking for in all correlational studies.
Both studies found significant correlations between distance metrics and MCP area estimates either using empirical data (Püttker et al. 2012) or simulation data (Oliveira-Santos et al. 2013 ). This is a necessary but not a sufficient condition to establish a functional relationship between the 2 variables, thus allowing generalization of the results beyond the sampled statistical population. Yet, a mechanistic relationship can be inferred when the correlation is predicted from theoretical principles on the processes generating the pattern. In our case, it is obvious that simple geometric constraints will generate correlation between distance and area in bounded regions. For instance, the mean distance between points in a convex set is proportional to the diameter (largest width of the set), and the proportionality constant never exceeds »0.68 (Burgstaller and Pillichshammer 2009), as Oliveira-Santos et al. (2013:948) recognized: ''scattered locations will always generate high values of both correlates, while clumped locations result in low values.'' Therefore, we consider that the geometrical relationship between distance and area are the strength, rather than the weakness, of the observed correlations between distance metrics and MCP area estimates based on capture-recapture data from trapping grids. By establishing a functional relationship, these geometrical constraints provide a mechanistic interpretation of the observed correlations. We therefore argue that the simulation results of Oliveira-Santos et al.
(2013) corroborate our findings on the utility of distance metrics as indexes for home-range area, and that our results can be safely generalized because of geometric laws deduced from the fact that trapping grids and MCP estimates are convex sets.
In the 2nd part of their comment, Oliveira-Santos et al. (2013) provide additional analyses that could be helpful to elucidate the relationship between MCP area estimates based on trapping data and the home range of an individual. Although this topic was not among the objectives of our paper nor is it in anyway related to the validity of the correlations between distance metrics and MCP area estimates discussed above, we agree that it is still unclear if MCP based on trapping data adequately estimates the home-range area of an individual (see Püttker et al. 2012:121, 1st paragraph) . Based on a rare and interesting data set containing both trapping and telemetry data from the same individuals the authors intended to make an important step toward testing this relationship. However, in our opinion, their analyses suffer from important drawbacks.
First, their trapping grids were of limited utility for estimating distances metrics or MCP for the species they chose to study. Thrichomys pachyurus, an echimyid rodent, is about 10 times larger (range of body size ¼ 150-520 g [Oliveira-Santos et al. 2013] ) than the small cricetid rodents we studied (body massX, Akodon montensis ¼ 31.9 g, and Delomys sublineatus ¼ 46.1 g [Püttker et al. 2012] ). The estimates of mean home range also were about 10 times larger for T. pachyurus than for the small cricetids (range of MCPs of T. pachyurus ¼ 0.26-2.88 ha,X ¼ 0.85 ha; range of MCPs of A. montensis ¼ 0.01-0.19 ha,X ¼ 0.08 ha; range of MCPs of D. sublineatus ¼ 0.02-0.16 ha,X ¼ 0.08 ha). Thus, even assuming that trapping data underestimate the home ranges of the small cricetids, it is clear that the size of the grids of Oliviera-Santos et al. (2013) were comparatively much less adequate to estimate distances or MCP from trapping data: the trapping grid used in our study (2 ha) covers about 20 times the estimated mean home range of the cricetid species, whereas the trapping grid used in the study of Oliveira-Santos et al.
(2013-4.8 ha) covers only about 5.6 times the estimated mean home range of T. pachyurus. Given the relatively low ratio between mean home-range size and grid size in the study of Oliveira-Santos et al. (2013) , most monitored individuals should have frequently moved out of the grids, leading to underestimations of their estimates (distance metrics and MCP area) based on trapping data. This may have contributed to the absence of correlation of trapping and telemetry estimates in their study.
Second, the best correlation to evaluate if MCP based on trapping data is useful to estimate home-range size is not the one tested by Oliveira-Santos et al. (2013-i.e ., between distance metrics based on trapping data and MCP area estimates based on telemetry); rather, they should have tested the correlation between the 2 estimates of MCP (based on trapping and telemetry data). Indeed we think that their data set could have been better explored if they had tested the correlation between distance and area estimates for each field method separately, and between the same estimates (distance or area) obtained from different methods, avoiding in this way that field method or type of estimate act as confounding factors.
Third, their data set presents another confounding factor: estimates were obtained from different time intervals for each of the 2 field methods (2 years for trapping data, and mostly 3 months per individual during the 2nd year for telemetry data). It is well known that the area used by animals can vary with time, that is, between different seasons and age classes, and with food availability or reproduction (e.g., Loretto and Vieira 2008; Owen et al. 2010; Schradin et al. 2010 ). Again, this may have contributed to the absence of correlation between estimates obtained with the different field methods.
Concluding, we thank Oliveira-Santos et al. (2013) for following our suggestion to test the suitability of MCP based on trapping data as an unbiased index of home range. We agree with the authors that the confirmation of this relationship is essential for the suitability of distance metrics as indexes of home-range size (and not only as indexes of MCP). However, we think that our empirical as well as their simulation results, together with the existence of functional relationships based on geometric constrains, suggest that distance metrics do provide suitable indexes for home-range area estimates based on trapping data. These indexes and estimates are particularly important for small cricetid rodents, which represent the greatest diversity among Neotropical nonvolant small mammals, and for which other field methods are difficult to apply, and may not be as efficient as for larger species (given their small home ranges, short daily movements, and the limited precision of telemetry localizations). Finally, although we certainly agree with Oliveira-Santos et al. (2013) that estimates of area are to be preferred to any index when sufficient captures are available, it is important to consider that the great majority of tropical species, including small mammals, are rare and infrequently captured.
